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Abstract
This paper is based on an ergonomic analysis of quality review station in a printing company in the southernmost of Brazil.
Analyses were made on the issues of environmental comfort, injury risks and pain causes identified by workers in the sector, five 
women. After analyzing the critical points of acoustic and thermal comfort, concerning temperature variation in different seasons, 
not taking regular breaks to rest, which is causing muscle fatigue in the joints of the upper limbs, and were appointed to conduct 
task not directly related to their activity, which increases significantly the carrying out time to reviewing and so left no time for 
breaks. They take painkillers and anti-inflammatory often. Suggestions were made to minimize the risk of accidents and 
musculoskeletal injuries, improve working conditions as comfort reduced time to perform the task and include rest breaks during
working hours without loss to production. Including pauses enables stop taking medicines.
© 2015 The Authors. Published by Elsevier B.V.
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1. Introduction
This is an end-of–course paper for the lato sensu course post-graduate course on Ergonomics at Federal 
University of Rio de Janeiro / UFRJ. I hold a BA in Industrial Design.
Analysis regarding environmental comfort, risk of lesion amongst the employees and the causes of the pains and 
aches described by the employees of revision sector of this very graphic industry were made.
* Corresponding author. Tel.: +5551 9807.9808.
E-mail address: moemagreca@gmail.com
 2015 The uthors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of AHFE Conference
4331 Moema Fachin Greca and Luiz Ricardo Moreira /  Procedia Manufacturing  3 ( 2015 )  4330 – 4337 
Fig. 1. Brazil’s map pointing Gráfica Lito’s location.
2. Presentation of the company that was analyzed
Gráfica Lito is located in Cachoeirinha, which is in the southermost state of Brazil, as Fig. 1 shows.
3. General analysis
3.1. Loss of material
Many problems may occur throughout the processes, but it it is more common during the printing process. A 
great deal of cardboard sheets is discarded upon revision. In some instances deliveries are made with up to 3% less 
packages than what was initially ordered.
4. In-depth analysis
The reviewers are five women and it is not unusual to find the plant supervisor helping them once the job must be 
carried out as quickly as possible in order to feed the gluing machines, which operate within a speed of 15 to 100 
thousand boxes per hour. The company does not have engineers or safety technicians. Find Fig 2
4.1. Layout
Very close to where the gluing machine is feed, is the sector of revision. In the table on the right, material that 
does not require revision is usually printed. 
Next to revision is the thinning. These two sectors are separated by a corridor where personnel, material and a car 
carrying with shreds walk through or are transported. The shreds are disposed of at a garbage alley every 60 
minutes. Check fig 3
Fig. 2. (a) Production Flow; (b) Activity Flow.
4332   Moema Fachin Greca and Luiz Ricardo Moreira /  Procedia Manufacturing  3 ( 2015 )  4330 – 4337 
Fig. 3. Layout of the graphic plant.
5. Problem identification
5.1. Material transportation
The material for revision is fed manually by the revisors. They take flat cardboards at the thinning tables in piles 
of one thousand units and 10 kg (22 pouds) each. Transportation must be carried out carefully, by holding the piles 
on each side, as fig. 4 shows.
At the end of 60 minutes of continuous revision, not counting interruptions, 24 thousand cardboards are revised. 
Pauses for picking up material are made after 4 thousand cardboards have been revised and they last 2,5 minutes to 
transport 4 thousand units, the same time spent on revising an entire pile of packages. So, at the end of an hour, 
workers should have made 6 pauses. Therefore, for every hour, workers must stop 15 minutes.
Fig. 4. Cardboard Transportation.
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Fig. 5. (a) Revision; (b) Manual correction of a package.
5.2. Average of time
There are occasion in which reviewers need to perform manual corrections in some faulty printings such as tiny 
varnish stains, which is applied in order to protect the ink. It is a task that demands a lot of attention and time.
There is no question regarding the waste of time correcting mistakes, time that should be used revising other 
cardboards/packages. Reviewers have said that, in order to correct 3 thousand packages (given that the correction is 
made by 2 or more people) can take up to two working days. See fig. 5
5.3. Interruptions
Reviewers tend to interrupt their activity twice every three revised piles in order to move their hands so that they 
can reduce the pain they feel while performing the activity. These pauses usually do not last longer than 15 seconds, 
but they also hinder the work. It is not wrong to interrupt the activity, but pauses should, ideally, be concentrated in 
a long break. Reasons that may lead to such pains or aches should be avoided.
6. Environmental conditions
6.1. Comfort
Winter in the region where the company is located is harsh and the plant does not have a heating system. Women 
from the revision sector, however, commented that their hands get cold during the winter and hardens the 
articulations leading to more time spent at each activity. Besides the problem caused by the low temperature, the 
operators also have a lot of calluses on the palm of their hands. 
All of them complained about pain on their wrists caused by flicking through the cardboards. If the piles has 2/3 
of the quantity usually carried, articulations are less affected but it also takes longer to revise the whole pile, which 
affects the next process.
The production supervisor gives anti-inflammatories and painkillers to workers who suffer from low back pain 
and pain in their articulations/joints caused by activities performed at work without prescription or medical follow-
up. 
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Fig. 6. Different heights of worktops.
Fig. 7. Damaged sittings.
6.2. Furniture
More than one type of furniture is used in the revision process and they do not have a standard height. Two high 
tables are used, each one measuring around 95 cm high. Operators say they feel very comfortable with the height of 
the tables whether they are standing or seated. Chairs’ height cannot be regulated. There are another two shorter 
tables with castors, which are used as side tables or working tables. This causes pain and discomfort to the workers’ 
shoulders and back. Find Fig. 6
Four chairs and one bench are available to five people. Workers are not required to use this piece of furniture for 
a specific period of time. Stands are mobile and the chairs have castors, as you can see in Fig. 7. There are no 
armrests and the handles for regulating the seats and the backrests do not work. I was informed that the chairs break 
down frequently. Depending on the position the chair is, being seated can cause tiredness, discomfort, tingling of the 
legs and feet and back pain by forcing the trunk to keep it upright. Backrests are loose. 
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7. Suggestions for improvement
7.1. Hand protection
The use of white gloves made of a thin, not pigmented and flexible material. They should be white because it 
may color the cardboards. Thin and flexible because they should not interfere in the fingers’ mobility. I found white 
nylon gloves, with polyurethane in the palm of the hand, which may protect this region preventing the development 
of callouses as well as heating the hands.
7.2. Furniture
Leveling all tables taking the one that was appointed as the most confortable, which is 95 cm high. 
Change the seats currently being used to new ones. The new chairs should be high, with, regulation of the seats 
and backrests. Seats should have armrests as well, in case the workers choose to have it. Chairs should be chosen 
through testing several models that meet the needs of the users, the rewires of Gráfica Lito in this very case. For 
people who are too short, a slightly raised platform may be may be used, so that the person can work standing, 
whenever they want, without harming their posture or their work. 
It is not advisable for people to work in the same side of the table all the time. That is so due to the strength 
required from the shoulders when one needs to take the cardboards from the table. So, once the feeding table stays in 
the same place, the best practice would be to alter positions from the sides of the working table, so that the same arm 
is not used throughout the entire working day given the repetitiveness of the movement, which may cause repetitive 
strain injury or musculoskeletal disorder related to work.
7.3. Cargo transportation
In order to prevent workers from having to carry heavy piles of cardboard, an alternative would be using tables 
with castors and restrains, which can take 6 to 8 piles of cardboards, depending on the size of the boxes, in order to 
expedite the process and prevent women from having to use unnecessary force. At least two tables would stay next 
to each thinning table and another two would be located next to the revision tables, so that they can be moved 
around whenever one of the transportation tables at the revision post is empty. When that occurs, workers would 
have to go to the thinning table only once. The use of the reviewers’ strength would be lessened and so would the 
pain in their arms, elbows, shoulders; therefore reducing the transportation time as a result. These tables and the 
revision tables should be of the same height, in order to allow the piles to be dragged whenever necessary. See Fig. 8
The use of tables as transportation cars allow workers pauses for rest of 10 min at the end of each 50 or 60 min of 
work, without altering execution time. 
The time spent on breaks is currently 2,5 minutes for those who transport material – 4 thousand cardboards – and 
it may be reduced to 12,5% of the current number. If the measures above are taken, the time may be reduced to 20 
seconds for the transportation of 6 to 8 thousand cardboards, besides reducing the frequency of breaks to pick up 
material. The estimated gain of time is of approximately 3.2 minutes for each pile of 6 to 8 thousand units. See fig. 9
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Fig. 8. (a) Transportation table; (b) Worktop and transportation table.
Fig. 9. Amount transported x Employment of Time.
7.4. Breaks for rest 
“Workers which rely on time, such as those who work in assembly lines, pose a special problem. Several 
laboratory studies, and also those carried out in real working environments, show that pauses of 3 to 5 minutes 
within every hour reduce fatigue and improve concentration. They are specially necessary when the work being 
carried out is repetitive, governed by time which requires constant state of alert”. [4]
The inclusion of time for pauses is essential to the workers’ health. The body and the mind need to relax and do 
not need to be constantly forced throughout an 8 hour shift. These pauses will lessen the occurrence of pain in the 
articulations/joints of the upper limbs. The amount of medicine taken by workers to relieve pain and inflammations 
will no longer be necessary.
7.5. Revision at the end of the printing machines
In order to minimize the loss of damaged material during printing process, one of the printing machine operators 
suggested that a person from revision should be present at this stage as well. It would be ideal to have someone from 
the revision sector to control exclusively the material that leaves the two printing machines so that production is 
constantly checked. 
The person who is chosen to do this task should be changed weekly, in order to promote greater interaction 
between the revision and machine operating sectors. That would also help the flow of information. It is also 
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important to alternate the person who performs this task so that the musculature and the wrists’ tendons are not 
overburdened. 
8. Test of the suggested alternatives
The suggestion of making reviewers wear protective gloves will be tested by the reviewers’ throughout a week so 
that I can be sure that the solution is functional and actually improves their working conditions. I delivered the 
workers two pairs of gloves to be tested. As soon as I handed the gloves to them, they tried them, without me having 
to explain them the purpose of wearing them. 
Despite that, they kept on wearing the gloves intentionally, given that I have not asked them to wear them. 
That happened during the period of 1h (one hour) in which I stood next to them. Then I requested them to wear 
them for a week in order to evaluate the use of gloves at work. When I arrived at the plant the following week, they 
told me that they had chosen not to wear gloves because the rubber layer limited their movements and told me that it 
would be better if they did not have fingers but kept the protection on the palm of the hands, therefore reducing the 
incidence of fraction with cardboards and calluses.
To make sure that the only problem was the difficulty in moving their fingers, I cut the fingers from the gloves. 
They seemed happy with the change. 
9. Conclusion
Often times workers are aware of the mistake and of the risks that they may be incurring, however, they are 
unaware of the chances of improvement in the same manner, the management sector of the industry has difficulties 
envisioning more effective ways of dealing with these risks.
At Gráfica Lito, where some inadequate working conditions were found, it was possible to test a simple but 
efficient solution for a problem that had already been noticed by the managerial area, but that had not been sorted 
out accordingly and adequately. 
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